Expression of cell surface antigens of the neural cell adhesion molecule (N-CAM) dass was recently shown to be shared by both fetal and neoplastic neuroendocrine cells, including those of the lung. We investigated the expression and localization of MOC-1 antigen on s m a l l 4 (neuroendoaine) lung carcinoma cell lines with immunohistochemical methods at the light (LM) and electron miaoscopy (EM) level and by Western blot. At LM level, using monoclonal antibody (MAb) MOC-1 with the ABC method and immunofluores cence, positive staining was o b s e d on surfaces of cells from all tumor lines examined. Strongest immunostaining was found on cell surfaces of pulmonary small-cell carcinomaderived cell line NCI-H69 with the majority of cells showing positive staining. An adherent variant of NCLH69 cell line, H69V, exhibited positive staining in about 60°/o of cells, whereas only occasional cells of NCLH727 cell line derived from pulmonary carcinoid tumor were positive for MOC-1 antigen. Western blot analysis codinned these fmd-38. Souhami RL. , Beverley PC: Antigens of small-cell lung cancer. First international workshop. Lancet 2325. 1987 39. Speirs V, Wang W, Yeger H, Cutz E: Isolation and culture of neuroendocrine cells from fetal rabbit lung using immunomagnetic techniques. Am J Resp Cell Mol Biol 6:63, 1992 40. Vrendenburgh JJ, Ball ED: Elimination of small cell carcinoma of the lung from human bone marrow by monoclonal antibodies and immunomagnetic beads. Cancer Res 50:7216, 1990
Introduction
MOC-1, a murine monoclonal antibody (MAb) raised against the human small-cell lung cancer (SCLC) cell line GLC1, is expressed on the cell surface of normal neural and neuroendocrine cells and most neuroendocrine tumors including SCLC (26). It is believed that the surface epitope recognized by MOC-1 has some homology with the recently described brain-associated small-cell lung cancer antigen (BASCA), an oncofetal substance that plays an important role in lung morphogenesis (14) .
MOC-1 and other related antigens showing immunoreactivity with SCLC and neural tissues have been assigned to the cluster-1 Supported by grants from NICHD ( 1 R01 HD22713) and the Medical Research Council of Canada (PG-42). VS is the recipient of an MRC Fellowship.
* Correspondence tO: Dr. Emest Cutz, Dept. of F'athology, Hospital For Sick Children, 555 University Ave., Toronto, Ontario, Canada M5G 1x8. ings, showing a strong MOC-1-specific band in cell extracts of NCLH69, with weaker band densities for H69V and NCI-H727. Immunoelectron miaoscopy (EM) revealed that MOC-1 was not uniformly distributed on the outer surface of plasma membrane; immunogold partides appeared concentrated in areas of thick cell surface "fuzz" coating, surface miaovilli, and in areas of cell-cell contact. In some cells, areas of plasma membrane invaginations and a few intracytoplasmic vesicles were also labeled, suggesting endocytosis.
labeling for SEM confiied the fmdhg of more dense labeling over the miaovilli, cell membrane folds, and in areas of cell-cell contact. The cell lines derived from pdmonary neuroendocrine cell tumors can provide a useful model to study the role and function of neural adhesion molecules in pulmonary neoplasia and during lung development.
(J Hisrochem Cytochem 41:1303-1310, 1993) KEY WORDS: Small-cell lung carcinoma; MOC-1; Electron microscopy; N-CAM; Immunoblotting; neuroendocrine differentiation. series of SCLC antigens SC-1, (3,38). These antigens are believed to recognize neuroendocrine differentiation in SCLC. A recent study demonstrated that cluster-1 MAb recognize the protein pattern of the human neural cell adhesion molecule N-CAM (28), a family of cell surface sialoglycoproteins involved in homo-and heterotypic cell-cell binding via homophilic binding mechanisms (9,37). The tissue distribution pattern of cluster-1 antigens in normal adult and embryonic tissues shows similarities with the distribution pattern of N-CAM (25).
Expression of MOC-1 in SCLC has been previously reported by LM immunohistochemistry (25-27), but few reports exist on localization of this antigen at the ultrastructural level (1). s' ince tumor cell lines provide a convenient source of homogeneous cell populations useful for a variety of cellular and molecular studies, we analyzed and compared the distribution of MOC-1 antigen in three lung neuroendocrine cell carcinoma cell lines by various immunohistochemical, immunoelectron microscopic techniques and by Westem blot.
Materials and Methods
Cell Cultures. The small-cell lung cancer line NCLH69 (8) was obtained from the American Tissue Type Collection (Rockville, MD). NCI-H727, a carcinoid line (17) . was a gift from Dr. Adi Gazdar (National Cancer Institute; Bethesda, MD). H69V. was a gift from Dr. Ian Freshney (CRC Dept. of Medical Oncology, University of Glasgow, Scotland) and is an adherent version of the parental line NCl-H69 (22). All cell lines were maintained in RPMI 1640 supplemented with 2 mM glutamine, 10% FBS, and antibiotics (Gibco; Burlington, Ontario, Canada) in 75-cm2 flasks (Corning; Corning, NY), and all studies were performed in the logarithmic phase of growth. Cells were transferred to 2-chamber LabTek culture slides (Gibco) for immunoperoxidase staining and for SEM labeling. and to 25-cm2 tissue culture flasks for TEM labeling. LM Immunohistochemistry. Immunohistochemistry was performed by the indirect bridged avidin-biotin (ABC) method (20) or by indirect immunofluorescence. For the ABC method, cells were washed with PBS 0.05 M and fixed for 5 min in acetone at room temperature (RT). For immunostaining the cells were thoroughly washed with PBS containing 0.07% bovine serum albumin (BSA), followed by PBSIBSA normal horse serum 1:10 to block nonspecific staining, then incubated overnight at 4°C with MAb MOC-1 (Euro-Diagnostics; Apledoorm, Holland) diluted 1:100 in PBSIBSA. The specificity and immunohistochemical properties of MOC-1 have been previously well characterized (26). Cell p r e p t i o m were rinsed in PBSIBSA.
then incubated for 30 min with biotinylated horse anti-mouse immunoglobulin 1:100 (Vector; Burlingame, CA). After rinsing in PBSIBSA, sections were incubated in ABC reagent (Vector; Vectastain Standard ABC Kit) with a dilution of 1:80 of each reagent in PBSIBSA, then washed in PBS, and briefly dipped in Tris-HC1 buffer (0.05 M. pH 7.5-7.6). The final staining reaction was achieved with 0.05 % diaminobenzidine tetrahydrochloride (Sigma; St Louis, MO) in Tris-HC1 buffer (0.05 M) and 0.01% H202. Slides were washed in PBS and lightly counterstained with hematoxylin. Cells were photographed with a Reichert-Jung Polyvar microscope equipped with Nomanki optics.
For indirect immunofluorescence studies, NCI-H69 cells were cytocentrifuged onto silanized slides by spinning at 1000 rpm for 4 min. The slides were rapidly air-dried, then futed in acetone for 5 min at RT. Cells were labeled with MAb MOC-1 (1:lOo dilution) overnight. washed three times with PBS/O.O7% BSA, then incubated with goat anti-mouse-FITC secondary antibody 1:30 dilution (Vector). Slides were m i n e d with a Polyvar fluorescent microscope equipped with epi-illumination optics.
L"unoCleca0n Miaosc~pg hbcling for " k i o n Elecuon Microscopy. Cells for IEM labeling transmission electron microscopy (TEM) were grown in 25-unz flasks (Canlab; Mkissaugua, Ontario, Canada) to log phase, centrifuged for 4 min at 1000 rpm in an Eppendorf tube, washed twice with PBS, and fixed for 10 min in 50% acetoneI8% sucrose (15) . The pre-embedding immunolabeling procedure was performed at 4'C. After washing in PBSIl% BSA, nonspecific binding was blocked with normal goat serum 1:10 in PBSIBSA. Cells were then incubated for 2 hr with MOC-1 (diluted 1:50 in PBSIBSA). After washing in PBSIBSA, cells were incubated with Auroprobe 10-mm colloidal gold particles conjugated with goat antimouse IgG + IgM mixture (Amersham; Oakville. Ontario, Canada) for 60 min and thoroughly rinsed with phosphate buffer (PB). To h p r m cell membrane conuast, the combined osmium temxideIpotassium ferricyanide method (21) was used. Cells were post-fixed for 30 min in 1% 0~0 4 , washed in distilled water, and fixed in a 1:1 solution of 1% 0~0 4 , 8% potassium ferricyanide for 30 min. The cell pellet was dehydrated through graded alcohols and embedded in EponIAraldite. Ultra-thin sections were counterstained with uranyl acetate and lead citrate and observed in a Philips EM 400 at 60 kV.
Surface Immunolabcling for Scanning Electron Mim~copy. The cells were seeded onto 0.1% poly-L-lysine (Sigma)-coated Lab-Tek chambers to attach the cells. For conventional SEM the cells were fixed for 45 min in 1% glutaraldehyde in 0.1 M PB, then post-fixed with 1% os04 in 0.1 M PB, processed by critical point drying, and coated with gold according to standard methods. For SEM surface immunolabeling cells were fixed for 10 min in 2% paraformaldehyde in acetate b&r @H 6.5) and incubated with MOC-1(1:50) at 4°C for 3 hr, washed with PBSIBSA, and incubated with goat anti-mouse IgG conjugated with 30-MI colloidal gold particles (Amersham). The cells were post-fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer for 15 min at RT. Slides were dehydrated through graded alcohols, critical point-dried, and carbon coated. The samples were examined in a Jeol 820 SEM with scanning electron image and a backscatter image mode at 15 kV.
Negative control for both TEM and SEM immunolabeling included samples where primary antibody was omitted. No labeling was seen in either TEM or SEM negative control samples.
Western Blot Analysis. Except where mentioned otherwise, all chemicals were obtained from BioRad (Mkissaugua, Ontario, Canada). Exponentially growing cells were adjusted to a cell number of 10'Iml and washed three times in PBS. Cells were lysed by the addition of 100 pl of extraction buffer consisting of 10 pg/ml leupeptin, 2 trypsin inhibitory Ulml aprotonin, 0.5% sodium deoxycholate, 1% NP 40, 0.1% SDS, and 1 mM EDTA (all from Sigma) made up in 2 x concentrate PBS. The lysate was clarified by spinning at 2000 rpm for 5 min at 4°C. The supernatant was diluted with an equal volume of sample buffer (0.5 M Xis-HC1, pH 6.8, containing 10% glycerol, 6.25% SDS, 5% B-mercaptoethanol, and 0.1% bromophenol blue) and applied to a discontinuous SDS-polyacrylamide (7.5 % WIV) slab gel. Electrophoresis was carried out according to standard procedures (23). Pre-stained molecular weight markers were included as standards. Transfer of proteins to 0.2-pm Nytran membranes (Schleicher & Schuell; Dassel. Germany) was carried out at 125-130 mA for 2 hr (BioRad Mini Transblot). The transfer buffer consisted of20 mM Tris, 150 mM glycine made up in 20% methanol. Efficiency of transfer was assessed by Coomassie Blue staining of the gel after blotting. To reduce nonspecific binding, the membrane was incubated overnight with Tris-buffered saline (TBS 500 mM NaCI, 20 mM Tris-HC1, pH 7.4) containing 3% BSA (Sigma), then incubated with MOC-1(1:100 dilution) for 1 hr at RT with gentle agitation. This was followed by three S-min washes with TBS/BSA. The remainder of the protocol was identical to immunostaining with the ABC method (see above) but substituting PBS for TBS during the washing stages.
Results
The in vitro morphology of NCLH69 showed free-floating cell aggregates in suspension. Immunostaining with the avidin-biotin complex method showed distinct surface staining on all NCI-H69 cells (Figure 1) . In areas of cell-cell contact immunostaining intensity was increased. This was confirmed by the indirect immunofluorescence technique, which showed a bright apple-green surface fluorescence with dark cytoplasm (Figure 2 ).
Approximately 60% of the cell population of H69V cell line expressed the antigen and staining was more diffuse (Figure 3 ) compared with the parental line. Unlike NCLH69, which grows in suspension, H69V grows as a monolayer and it appears that this alteration in morphology is accompanied by a reduction in expression of MOC-1. This point is reinforced in NCI-H727, a highly differentiated pulmonary carcinoid cell line that also grows as a monolayer, where expression of the antigen was weak and present on less than 10% of the cells (Figure 4) .
We performed Westem blot analysis on all three cell lines to examine the relative expression of MOC-1 antigen. With each cell (Figure 5 ). Although the nature ofthe doublet protein bands is uncertain, it has been suggested that they represent either difkrential glycosylation ofthe epitope or, more likely, specific degradation products of MOC-1 antigen (24). Cell line H69V showed a similar banding pattem, but the intensity of the major immunoreactive band was less than that of NCLH69 ( Figure 5 ). Extracts ofNCLH727 cells had significantly weaker band intensity compared with the other two cell lines, although the location of the bands was identical ( Figure 5 ). Analysis of cells from different passage numbers revealed identical results, indicating that the expression of MOC-1 epitope in these tumor lines is genetically stable.
Since immunoperoxidase and Westem blot data showcd significant differences in antigen expression in the three cell lines studied, and since NCLH69 clearly showed the highest levels of expression, we chose this cell line to further demonstrate MOC-1 localization by additional immunohistochemical techniques at the EM level. IEM gave further detail on the localization of the epitope, revealing gold particles on the outer surface of cell membranes, including the cell processes ( Figure 6 ), and showing distinct spatial labeling on close to 100% of the NCI-H69 cell population. Where thick surface coat was present the number of gold particles appeared more numerous, especially in areas of cell membrane "fuzz" and on surfaces of plasma membrane processes and microvilli (Figures 7 and 8) . Labeling was also observed in areas of intracytoplasmic vesicles (Figure 9 ). suggesting endocytosis and raising the possibility that this antigen is intemalized and possibly recycled.
Conventional SEM gave basic information on the surface details of the cell line NCI-H69 and showed individual cells to have a highly ruffled surface with many microvilli (Figure 10 ). On immunolabeled samples, gold particles were distributed throughout the cell surface but seemed particularly concentrated over the microvilli and surface ridges (Figures 11 and 12 ).
Discussion
Immunolocalization studies on MOC-1 antigen expression in cells and tissues are complicated by the extreme sensitivity of this epitope to routine fixation and processing. Since MOC-1 antigen is a surface sialoglycoprotein, it can be preserved by fmation in methanol or acetone with frozen sections, monolayer cultures, or cell suspensions (26,39). As shown in the present study, localization of MOC-1 epitope at LM level is well demonstrated using the above fixatives for either ABC or the immunofluorescence method. For immunolabeling at EM level, specific labeling and good ultrastructural preservation of cell membrane were achieved by the preembedding immunogold method. Brief pre-fixation in a c e t o n e h crose (15) preserved the epitope, whereas post-fixation in reduced os04 enhanced the definition of cell membranes. Whereas im-munolocalization of MOC-1 at LM level suggested diffuse cell membrane surface staining, at EM level we observed increased density of immunogold labeling over the microvilli, surface ridges, and in areas of cell membrane "fuzz" corresponding to the cell coat (glycocalyx). These observations were confirmed by SEM surface labeling using backscatter detection, showing immunogold particles concentrated over the microvilli and plasma membrane ridges. In addition, SEM surface labeling method provided panoramic views of large surface areas of the cell membrane. The immunolocalization pattern of MOC-1 antigen on NCI-H69 cells reported here is in agreement with membrane models of different forms of N-CAM molecules, where lower molecular weight forms (i.e., N-CAM 120) including MOC-1 antigen are localized entirely on the exterior of the plasma membrane and are anchored via phosphatidyl inositol linkage (9,13,31).
Our other findings indicate that the expression of MOC-1 antigen varies among different tumor cell lines with expression highest in the classical SCLC cell line NCI-H69. MOC-1 and related antigens have been assigned to the SC-1 series of SCLC antigens, a group of antigens with similar biological properties that are selectively expressed on the surface of SCLC (5,38), pulmonary neuroendocrine cells (26,39), and the white matter of central and peripheral neural tissues (6). SC-1 antigens are directed against a restricted number of epitopes, and the SC-1 MAb and a polyclonal antiserum against N-CAM recognize the same glycoproteins, thereby suggesting that SC-1 are identical with or closely related to N-CAM (24, 25, 29) . Our finding of variable expression of MOC-1 in different tumor cell lines concurs with the observations of Doyle et al.
(12), who proposed an inverse relationship between neuroendocrine differentiation status and expression of N-CAM-related antigens, with cell lines showing little evidence of neuroendocrine differentiation expressing lowest levels of N-CAM. Cell line NCLH69, which expressed highest levels of MOC-1 in the present study, is generally regarded as a classic SCLC, expressing high levels of the key amine precursor uptake and decarboxylation (APUD) cell enzymes, Ldopa decarboxylase (2.17) and neuron-specific enolase (17) . the production of several peptide hormones including bombesin (30) , and having high specific levels of the enzyme creatine kinase, expressed predominantly in the form of its brain isoenzyme CK-BB (18) . Conversely, H69V, an adherent variant of the parental NCI-H69 cell line expressing lower levels of the above neuroendocrine-associated properties (22). showed expression of MOC-1 in less than 60% of the cells. This relationship has been substantiated by Carbone et al. (7) . who demonstrated a strong correlation between expression of N-CAM with both neuroendocrine phenotype and lack of substrate adhesion in a panel of 56 lung cancer-cell lines representing all histological types. Expression of N-CAM in NCI-H727, a pulmonary carcinoid, was limited, agreeing with a previous study showing this cell line to be negative for SC-1 by flow cytometry, immunostaining, and Northern blotting, but a trace amount of mRNA was detected after 35 cycles of PCR, suggesting that the gene is present but not necessarily functional at all times (7).
Expression of N-CAM isoforms appears to be developmentally regulated, with fewer sialylated N-CAM proteins appearing during embryonic development (35.39 ) and highest expression during fetal life, whereas in adulthood their expression is more restricted (19) . Since tumors often adopt a "quasi-fetal'' phenotype, the ex- pression of N-CAM-related antigens may be a marker of the differentiation status of the tumor cell. Indeed, the expression of neuroendocrine-related antigens, MOC-1 included, has been observed in the lung epithelium of first-trimester fetuses, suggesting that neuroendocrine-related antigens in neuroendocrine lung tumors represent a re-expression of fetal lung antigens (4,27,34). This point is reinforced in the kidney, where N-CAM related SC-1 are expressed in Wilms' tumor (32) (33) (34) and in fetal kidney (4).
The presence of MOC-1 and its pattern of expression at both the light and EM level may yield important information regarding the differentiation status of tumor cells in culture and in biopsy material. As well as being useful surface markers for most SCLC, the ever-increasing panel of antibodies to N-CAM-related antigens may also be of great value for detection of normal pulmonary neuroendocrine cells, which until now have largely been identified with cytoplasmic markers such as bombesin and serotonin (10,39). These surface markers could also be utilized to identrfy and isolate pulmonary neuroendocrine cells or SCLC from heterogeneous cell populations (35440). Since pulmonary neuroendocrine cells in normal lung are a sparse and widely scattered cell population with difficult access (10,11), the tumor cell lines derived from these cells could provide model systems to study the role and function of N-CAM not only in tumor cell differentiation but also during development.
The ability of scanning and transmission IEM techniques to visualize SC-1 antigens may be useful to study the pattem of distribution of N-CAM on the cell surface, as well as determining factors that may influence their expression.
